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Mieroshutiers for James Web Space Telescope 
(JWST) 

Spectrographic astronomy measurements in the near-infrared 
region 3 ^ will be done by functional two 'dimensional micro- 
shutter arrays that tire being fabricated at the NASA Cioddard 
Space Flight Center for the James Webb Space Telescope 
(JWST), These micro-shutter array s will represent the first 
mission -critical MEMS devices to be flown in space, JWST will 
use micros h utter arrays to select toad plane object. 2-l> 
programmable aperture masks of more than 200,000 elements 
select such space object . The use of silicon wafer material 
promises high efficiency and high contrast. Micro shutter 
operation temperature is around 35K. Microsh otter arrays are 
fabricated as close-packed silicon nitride membranes with a unit 
cell size of! 05 x 204 pm. A layer of magnetic material is 
deposited onto each shutter, individual shutters arc equipped 
with a torsion flexure. Reactive ion etching (RIB) releases the 
shutters so they can open tip to 90 degrees using, the torsion 
Ilex tire. Shutter rotation is initiated into a silicon support 
structure via an external magnetic field Two electrically 
independent alu mi intro electrodes aie deposited, one onto each 
shutter and another onto the support structure side-wall, 
permitting electrostatic latching and 2-D addressing to hold 
specific shutters open via external electronics (See. Figure 1) 
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Figure 1: Magnetic ally 
actuated m icros hotter 
array show distribution of 
the shutters that did not 
opon among the once that 
did open. Sbiilar 
utttributFQns will be used 
when taking the images 
with JW ST. Our analysis 
indicates that distributions 
of the, closed shutters are 
Indicator of the variable 
bowing of th© m icrosh utter 
membranes that translates 
into the elastic repulsion 
from the waits acthg 
against the electrostatic 
forces. 
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Figure 2: Confocaf microscopy allows taking images of the microshirtters at 
variable temperatures white preserving information about Use topography. This 
way the micro shutters can be analyzed for the degree of shape change, during 
the coding. 
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• Latch all shutters at 
test voltage 


counting the nyraber 
of shutters that close 
at each voltage 
* Use results to 
determine the average 
release voltage of the 
array 


Figure 4: Test setup for measuring the minimum voltage release included a 
dewar containing a window that avowed observation of the rnicroshutters while 
they were released at the minimum voltage. Images above were taken by 
camera observing microshutters ir> this windows whBe they wore near liquid 
hoSutn temperature. 
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Figure 3: Diagram shows the temperature effect on the minimum voltage 
release of latched rnicroshutters. W e also included effect of length of time; 
used to hold microsh utters open (G-120 minutes) 


Figure .3 indicates a direct correlation between the minimum 
voltages ami degree of bowing. Data also show that the 
degree of bowing can be delected with larger precision if 
rnicroshutters are held longer time in latched state . The 
maximum time was 2 hours and is comparable with exposure 
times feat will be used on James Web Space Telescope . We 
believe that the minimum voltage release measurements can 
be used to investigate any change of the degree of bowing as 
a result of exposure to fee space environment: during the life 
span of the JWST mission. 


Ack now! edgemert t s : 

The minimum release voltage measurements were done by 
summer intern, John Y amrick and his advisor, James C. M. 
Hwang, Ph.D. Professor of Electrical Engineering, Director 
of Compound Semiconductor Technology Laboratory, 
Lehigh University. The work was also supported by Bob 
Silverherg and Stephanie Getty. 
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